ABSTRACT Experiments were conducted to develop an agar-based medium for rearing immature horn ßies, Hematobia irritans (L.). Larval survival was determined on sterilized manure inoculated with pure and mixed cultures of Acinetobacter sp., Bacillus pumilus Meyer & Gottheil, Comamonas acidovorans den Dooren de Jong, Pseudomonas mendocina Palleroni, Flavobacterium sp. and Empedobacter breve (Holmes & Owen). Rearing larvae on mixed cultures enhanced pupal weight but not survival. Horn ßy larvae failed to survive when reared on standard bacteriological media inoculated with pure and mixed cultures of Acinetobacter sp., P. mendocina, and C. acidovorans. Larvae completed development on a minimal medium supplemented with alfalfa, egg proteins, and vitamins. Medium with low alfalfa content (30 g alfalfa/500 ml minimal medium) had enhanced survival when supplemented with egg yolk protein and vitamins. Medium with high alfalfa content (130 g alfalfa/500 ml minimal medium) had enhanced survival when supplemented with whole egg protein and vitamins. Survival was also favored when media were inoculated with pure cultures of Acinetobacter or Acinetobacter mixed with either Pseudomonas or Comamonas. Individual plates could support larvae developing from up to 40 eggs, and survival was least variable when plates were inoculated with greater numbers of eggs. This rearing system shows promise as a means for conducting standardized bioassays on a meridic diet.
LARVAE OF THE horn ßy (Hematobia irritans L.) require freshly deposited cattle manure for growth and development, and feed on bacteria in the manure. Rearing horn ßy larvae, either for maintaining a colony or bioassay, requires fresh cattle manure. However, survival can vary tremendously in manure collected at different times of the year (Lysyk and Colwell 1996) because of variations in manure quality. Supplementation of manure with various compounds can change the suitability of manure as a developmental medium for horn ßies by indirectly inßuencing the microbial composition of the manure (Temeyer 1990) , making the interpretation of bioassays difÞcult. Development of an artiÞcial rearing medium for horn ßy larvae may help overcome some of these difÞculties.
Agar-based rearing systems have been developed for house ßy (Musca domestica L.) and stable ßy (Stomoxys calcitrans L.) (Schmidtmann and Martin 1992 , Watson et al. 1993 , Lysyk et al. 1999 . These media have proven useful for conducting bioassays, rearing immatures with known ßora, and visualizing larvae during development. To date, no agar-based rearing system is available for horn ßy larvae. Development of an agar-based rearing system for horn ßies could provide signiÞcant practical improvements for rearing horn ßies by eliminating the need to collect freshly deposited manure from cattle.
In a previous study, we determined that horn ßy larval survival was inßuenced by the species of bacteria present when larvae were reared on sterilized manure inoculated with a single bacterial species (Perotti et al. 2001) . Larval survival on single bacterial isolates was generally less than survival on unsterilized manure containing native ßora. Combining bacterial isolates can enhance survival of stable ßy larvae (Lysyk et al. 1999) , although this has not yet been determined for the horn ßy.
The current study was conducted to develop an agar-based rearing system for horn ßy larvae. We identiÞed combinations of bacteria suitable for the growth and survival of horn ßy larvae by rearing larvae on combinations of bacterial species added to sterilized manure. Larval survival was evaluated on six standard microbiological media inoculated with these bacterial combinations. We determined whether addition of alfalfa to a minimal medium could result in improved survival. The alfalfa-based agar medium was optimized by determining the effects of protein and vitamin supplementation on larval growth and survival. Finally, we determined how many larvae could be supported on the medium, and examined variability in survival.
Materials and Methods
Horn Fly Egg Preparation. Horn ßies were maintained at the Lethbridge Research Center (Lethbridge, Alberta, Canada) using methods outlined by Lysyk (1991) . Horn ßy eggs were collected from females held at 30ЊC and total darkness inside a stoppered 500-ml Erlenmeyer ßask for 30 minÐ1 h. Eggs were collected, washed with 10% diluted dishwashing detergent (Ivory Liquid, Proctor and Gamble, Toronto, ON), and rinsed once with distilled water. Eggs were then washed in two changes of 0.26% sodium hypochlorite for a total of 12 min (6 min each), and rinsed for 1 min in three changes of sterile distilled water. Eggs were counted and transferred to media as described by Perotti et al. (2001) .
Bacteria Preparation. Bacteria used in all experiments were previously isolated from either cattle manure, horn ßy larvae, or stable ßy eggs, stored in glycerol stocks at Ϫ80ЊC, and grown using methods described previously (Lysyk et al. 1999 , Perotti et al. 2001 .
Experiment 1: Horn Fly Larval Survival and Growth on Mixed Bacterial Cultures. This experiment was conducted to select bacteria for media development, and to determine whether rearing larvae on mixed bacterial cultures compared with single bacterial cultures enhanced horn ßy larval survival and growth. Bacteria used were Acinetobacter sp., Bacillus pumilus Meyer and Gottheil, Comamonas acidovorans den Dooren de Jong, Pseudomonas mendocina Palleroni, Flavobacterium sp., and Empedobacter breve (Holmes & Owen) . Pseudomonas and Comamonas were selected because they occur in manure and favor horn ßy larval survival. Bacillus pumilus was used as a representative Bacillaceae, which is common in cattle manure (Perotti et al. 2001) . Acinetobacter, Flavobacterium, and Empedobacter were selected because they were favorable for growth of larval stable ßies (Lysyk et al. 1999) . Treatments consisted of uninoculated sterilized manure, nonsterilized manure, each of the six pure isolates, and all 15 combinations of two isolates added to sterilized manure.
Fresh manure was collected from cattle fed alfalfa cubes. Fifty grams of manure was placed into a plastic specimen container and the container sealed with aluminum foil. Manure was autoclaved for 30 min at 120ЊC on a liquid cycle and allowed to cool. Containers were inoculated with a bacterial culture (500 l of resuspended bacteria for the pure cultures or equal volumes of 250 l of each species for the mixed cultures) and 25 surface-sterilized eggs on aseptically moistened Þlter paper. Containers were incubated at 25ЊC for 10 d and the pupae extracted by ßotation and counted. The experiment was conducted in three replicate trials each with three containers per treatment. Egg hatch for each trial was determined using three replicates of 25 sterilized eggs placed on moistened Þlter paper and water agar. Larval survival was calculated for each container after adjusting for egg hatch. A maximum of 10 pupae were weighed for each treatment and trial.
Data were analyzed using analysis of variance (ANOVA) (SAS Institute 1989) to determine whether larval survival and pupal weight varied among the treatments. Proportion larval survival (y) was transformed to ͌y before analysis to stabilize variances. Mean larval survival and weight were compared among the pure isolates, the sterile manure, and nonsterile manure using least signiÞcant difference. Contrasts were used to test if mean survival and pupal weight on mixed cultures differed from the means of the respective two pure cultures.
Experiment 2: Larval Survival on Standard Microbiological Media. Larval survival was evaluated on various standard microbiological media. Blood agar, potato agar, trypticase soy agar, yeast dextrose agar, KingÕs medium broth A, and cellulose broth were prepared using standard methods (Atlas 1997) , and egg yolk media four was prepared using methods described by Watson et al. (1993) . Media were poured into sterile 9-cm diameter Petri dishes and allowed to cool. Three plates of each medium were inoculated with 50 l of a pure culture of Acinetobacter sp., Bacillus pumilus, Comamonas acidovorans, and Pseudomonas mendocina or 50 l of mixed cultures of these bacteria. Each plate was inoculated with 20 surface sterilized horn ßy eggs on sterile Þlter paper and incubated at 25ЊC until pupation.
Experiment 3: Development of Novel Growth Media. A series of three trials were conducted to evaluate horn ßy larval growth on alfalfa-based agar media. The Þrst trial was used to examine survival on a minimal medium, the second to examine survival on a low alfalfa medium, and the third to examine survival on a high alfalfa medium. Within each trial, we examined whether immature horn ßy survival was inßuenced by protein or vitamin supplementation, or among various species of bacteria alone and in combination. Each trial consisted of three plates per bacteria-proteinvitamin combination, and each trial was replicated in triplicate over time. Replicates for each trial were conducted simultaneously. Egg hatch for each replicate was determined using three plates of 25 sterilized eggs placed on moistened Þlter paper and water agar. Larval survival on unsterilized manure was also determined in triplicate for each replicate.
Media Preparation. The composition of all media are listed in Table 1 . Minimal medium was prepared following the procedures outlined in Watson et al. (1993) . Cubed alfalfa was ground, boiled in distilled water (1 part alfalfa/5 parts water) for 10 min, rinsed three times with distilled water, and pressed between paper towels to remove water. Prepared alfalfa was added to the minimal medium if required and the medium autoclaved for 30 min at 120ЊC on a liquid cycle. Media were cooled before addition of extra proteins or vitamins (Watson et al. 1993) . Additional protein sources were aseptically prepared whole chicken eggs or egg yolk. Ground multivitamin tablets (Nature Made Essential Balance, Pharmavit Corp., Mississauga, ON) were used as a vitamin supplement. Media were poured into 9-cm Petri plates and plates were inoculated with 50 l of either Acinetobacter sp., Comamonas acidovorans, Pseudomonas mendocina, Acinetobacter ϩ Comamonas, Acinetobacter ϩ Pseudomonas, Comamonas ϩ Pseudomonas, or Acinetobacter ϩ Comamonas ϩ Pseudomonas sp. Each plate was then inoculated with 20 sterilized horn ßy eggs on aseptically moistened Þlter paper.
Minimal Medium. This trial was conducted to determine if addition of protein, vitamins, and bacterial inoculant could enhance survival of horn ßy larvae reared on the minimal medium. Treatments consisted of all possible combinations of two protein sources (whole eggs and egg yolks), two levels of vitamins (750 mg or none), seven types of bacterial inoculants, and an uninoculated plate.
Low Alfalfa Medium. This trial was conducted to determine the effect of protein source, vitamins, and bacterial inoculant on survival of horn ßy larvae reared on a medium containing 30 g prepared alfalfa per 500 ml minimal medium. Treatments consisted of all possible combinations of two protein sources (whole eggs and egg yolks), two levels of vitamins (750 mg or none), seven types of bacterial inoculants, and an uninoculated plate.
High Alfalfa Medium. The effect of protein source, vitamins, and bacterial inoculant on horn ßy larvae was determined when components were added to medium containing 130 g prepared alfalfa added to 500 ml of minimal medium. Treatments consisted of all possible combinations of three protein sources (whole eggs, egg yolks, and none), two levels of vitamins (750 mg or none), seven types of bacterial inoculants, and an uninoculated plate.
Data Analysis. Horn ßy larval survival was calculated for each plate and transformed using ͌y to stabilize variances. Data for each trial were analyzed separately using a three-way ANOVA (SPSS Inc. 1998) with protein, vitamins, and bacterial inoculant as main effects. All two-way interactions were examined.
Experiment 4: Survival at Varying Egg Densities. A Þnal experiment was conducted to examine variation in immature survival when varying numbers of eggs were placed on plates containing selected media. Six different media were prepared based on results from experiment 3, and inoculated with 5, 10, 20, or 40 eggs per plate. Untreated manure was included for comparison. Three plates were prepared for each mediumegg density combination, and the entire experiment was replicated in triplicate. Egg hatch for each replicate was determined using three plates of 25 sterilized eggs placed on moistened Þlter paper and water agar. Procedures were similar as before, except that horn ßy eggs were placed into a 50-ml beaker containing saturated NaCl solution to separate the eggs from debris before sterilization. Also, the prepared alfalfa was added to the minimal medium, incubated in the bottles at 25ЊC for 2 d, then autoclaved a second time. Once larval survival was determined for each plate, pupae were removed, weighed, and held for eclosion.
Larval survival was transformed to ͌y before analysis. A two-way ANOVA with media and egg density as main effects was conducted to examine variation among survival, pupal weight, and eclosion. The coefÞ-cient of variation of survival for each medium-egg density was calculated for each replicate, and also used in a two-way ANOVA to determine if variability in survival was consistent among media and egg density.
Results and Discussion
Experiment 1: Horn Fly Larval Survival and Growth on Mixed Bacterial Cultures. Egg hatch averaged (ϮSD) 0.68 Ϯ 0.10 (n ϭ 9) across all replicates. Larval survival varied signiÞcantly among treatments (F ϭ 10.4; df ϭ 22, 182; P Ͻ 0.0001), ranging from 0.01 in sterile manure (Table 2) to 0.54 in manure inoculated with Acinetobacter and Pseudomonas (Table 3) . Among the pure inoculants, survival was highest when larvae were reared in the presence of Pseudomonas and on nonsterile manure, followed by Comamonas (Table 2) . Survival was intermediate when larvae were reared in manure inoculated with Acinetobacter and Bacillus pumilus, and lowest when reared on Empedobacter and Flavobacterium (Table 2) . Survival was negligible when reared on sterilized manure. These results are in general agreement with earlier observations (Perotti et al. 2001 ) except that survival on Empedobacter and nonsterile manure were lower than reported previously. Reduced survival on cattle manure was not entirely unexpected as larval survival can vary when manure is collected from animals at different times. For example, larval survival varied from 0.16 to 0.37 and from 0.24 to 0.65 in manure collected from cattle fed over 6 weeks in two consecutive years (Lysyk and Colwell 1996) . The reduced survival on Empedobacter cannot be readily explained, because bacteria were cultured from frozen glycerol stocks that have retained their ability to support stable ßy larvae.
Survival of horn ßy larvae in manure inoculated with mixed cultures was generally not signiÞcantly different from the average of survival on the respective pure cultures, but there were a few exceptions (Table 3) . Mixing Acinetobacter with Empedobacter and Flavobacterium resulted in signiÞcantly higher survival compared with the average of the pure cultures. In these cases, survival on the mixed cultures was similar to survival on Acinetobacter alone. Similarly, survival on mixed cultures of Acinetobacter and Pseudomonas was signiÞcantly higher than the average of the pure cultures, but similar to survival on Pseudomonas alone (Table 3) . However, survival on manure inoculated with both Empedobacter and Flavobacterium was signiÞcantly higher than the average of the pure cultures and was also higher than survival on either pure culture (Table 3) , suggesting a positive interaction between these two bacterial species. This same effect was noted for the same bacterial species in studies with Stomoxys calcitrans (Lysyk et al. 1999) .
Pupal weights varied signiÞcantly among inoculates (F ϭ 10.8; df ϭ 22, 540; P Ͻ 0.0001) ranging from an average (ϮSE) of 2.7 Ϯ 0.1 to 5.3 Ϯ 0.1 mg. Among the pure isolates, pupal weight was highest when larvae were reared on Flavobacterium, Empedobacter, Pseudomonas, Comamonas, and Acinetobacter and lowest when reared on Bacillus pumilis (Table 2) . Pupal weights of horn ßies reared on the pure cultures were generally lower than that of pupae reared on nonsterile manure (Table 3 ), in agreement with earlier studies (Perotti et al. 2001) . The single pupa produced on the sterile manure weighed 4.9 mg, and should be considered an anomalous observation.
Average pupal weight of horn ßies reared on mixed cultures was consistently higher than the average of the respective pure cultures, the only exception being the mixture of Acinetobacter and Comamonas (Table  3) . Average pupal weights for 10 of the 15 combinations of mixed isolates were numerically equal to or greater than the average pupal weight of horn ßies reared on nonsterilized manure. It therefore appears that although rearing larvae on mixtures of bacteria may not enhance larval survival, mixed bacterial populations can enhance pupal weight. This is similar to results observed previously with stable ßy (Lysyk et al. Means within same columns followed by different letters are signiÞcantly different at P ϭ 0.05. 1999). Single species of bacteria do not provide sufÞcient nutrients for optimal growth. Based on these results, we selected Pseudomonas and Comamonas for further study because survival was higher on these compared with the other isolates. We also included Acinetobacter for further study because adding it to Pseudomonas enhanced larval survival somewhat, but also resulted in increased pupal weight.
Experiment 2: Larval Survival on Standard Microbiological Media. Egg hatch averaged 0.69 Ϯ 0.09 (mean Ϯ SD). However, no pupae were recovered from any of the standard media regardless of the bacterial inoculant. Although other Þlth ßies can grow on microbiological media, such as blood agar and egg yolk media (Schmidtmann and Martin 1992 , Watson et al. 1993 , Lysyk et al. 1999 , horn ßy appears to be more fastidious in its requirements larval growth. Horn ßy is also more fastidious under natural conditions, preferring manure from pastured cattle. This prompted us to consider more complex media.
Experiment 3: Development of Novel Growth Media. Egg hatch averaged 0.68 Ϯ 0.07 (mean Ϯ SD; n ϭ 9) throughout the experiment. Larval survival in unsterilized manure averaged 0.46 Ϯ 0.12 (n ϭ 9). Survival varied tremendously among the different treatments, and is summarized in Tables 4, 5, and 6 for the minimal medium, low alfalfa medium, and high alfalfa medium, respectively.
Minimal Medium. Larval survival was quite low on the minimal medium, ranging from 0 Ð 0.03 (Table 4 ). There was no signiÞcant effect of protein (F ϭ 0.00; df ϭ 1, 254; P Ͼ 0.99) and no signiÞcant proteinÐ vitamin or proteinÐinoculant interactions (F ϭ 0.0; df ϭ 1, 254; P Ͼ 0.99 and F ϭ 0.01; df ϭ 7, 254; P Ͼ 0.99, respectively). Vitamin supplementation signiÞcantly increased survival (F ϭ 18.3; df ϭ 1, 254; P Ͻ 0.001) but the effect was quite small (Table 4) . Although there were signiÞcant differences among inoculants (F ϭ 2.1; df ϭ 1,254; P ϭ 0.05) these were too small to interpret. Overall, these results suggest that additional supplementation of the minimal medium is required for horn ßy larval survival.
Low Alfalfa Medium. Larval survival ranged from 0.0 to 0.4 (Table 5 ) and varied signiÞcantly among media prepared using the different proteins (F ϭ 98.2; df ϭ 1, 254; P Ͻ 0.0001). Larval survival averaged (ϮSD; n ϭ 144) 0.17 Ϯ 0.18 and 0.06 Ϯ 0.11, respectively, when reared on low alfalfa medium containing egg yolk and whole eggs. There were no signiÞcant proteinÐvitamin or proteinÐ bacteria interactions (F ϭ 0.01; df ϭ 1, 254; P Ͼ 0.96 and F ϭ 1.89; df ϭ 7, 254; P Ͼ 0.07, respectively). Means within columns followed by different letters are signiÞcantly different at P ϭ 0.05. A, Acinetobacter; C, Comamonas; P, Pseudomonas. a n ϭ 9 for each proteinÐvitaminÐ bacteria combination. b n ϭ 18 for each vitaminÐ bacteria combination. c n ϭ 36 for each bacteria.
Larval survival increased signiÞcantly (F ϭ 132.1; df ϭ 1, 254; P Ͻ 0.0001) when vitamins were added to the medium, averaging (ϮSD; n ϭ 144) 0.18 Ϯ 0.18 compared with 0.04 Ϯ 0.09 respectively when vitamins were absent. Survival varied signiÞcantly between inoculants (F ϭ 14.9; df ϭ 7, 254; P Ͻ 0.0001), however, there was a signiÞcant inoculant * vitamin interaction (F ϭ 3.2; df ϭ 7, 254; P Ͻ 0.004). This indicates that the effect of vitamins on larval survival was not consistent among inoculants. Addition of vitamins did increase larval survival for all inoculants (Table 5) however, this increase ranged from 0.05 to 0.23. Larval survival was generally highest when larvae were reared on Acinetobacter, Acinetobacter ϩ Comamonas, and Acinetobacter ϩ Pseudomonas (Table 5) . Overall, survival was greatest when larvae were reared on these bacteria using medium supplemented with egg yolks and vitamins (Table 5) .
High Alfalfa Medium. Horn ßy larval survival ranged from 0 Ð 0.42 (Table 6 ). Larval survival varied signiÞcantly among levels of proteins (F ϭ 123.9; df ϭ 2, 382; P Ͻ 0.0001) averaging (ϮSD; n ϭ 144) 0.001 Ϯ 0.012, 0.12 Ϯ 0.19, and 0.17 Ϯ 0.19 for no protein, egg yolks, or whole eggs, respectively. Larval survival was also inßuenced by the presence of vitamins (F ϭ 238.6; df ϭ 1, 383; P Ͻ 0.0001), and averaged 0.18 Ϯ 0.21 (mean Ϯ SD) in the presence of vitamins compared with 0.02 Ϯ 0.05 in the absence of vitamins. There was a signiÞcant proteinÐvitamin interaction (F ϭ 57.2; df ϭ 2, 382; P Ͻ 0.0001), indicating that changes in larval survival with vitamins were not consistent among the different types of protein. This interaction arose because survival (mean Ϯ SD) was negligible when proteins were absent, therefore, addition of vitamins did not increase survival. Addition of vitamins in the presence of egg yolk or whole egg proteins increased survival by 0.23 and 0.24, respectively (Table 6) .
No signiÞcant effect of inoculant was observed (F ϭ 1.4; df ϭ 7, 382; P ϭ 0.21). However, there was a signiÞcant proteinÐinoculant interaction (F ϭ 2.01; df ϭ 14, 382; P Ͻ 0.02), indicating that changes in larval survival across inoculants was not consistent among protein sources. Survival in the absence of a protein source was negligible regardless of the inoculant used. However, using whole eggs increased survival by 0.04 Ð 0.14 compared with using egg yolk when plates were inoculated with Acinetobacter, Pseudomonas, Acinetobacter and Comamonas, Comamonas and Pseudomonas, and Acinetobacter, Comamonas, and Pseudomonas. Using whole eggs decreased survival by 0.02Ð 0.08 compared with using egg yolks when plates were inoculated with Comamonas, Acinetobacter, and Pseudomonas, and no bacteria ( Table 6 ).
The results of these trials indicate that supplementing the minimal medium with alfalfa, protein, and vitamins is required for successful rearing of horn ßy larvae in an artiÞcial system. Larvae did not survive on any of the standard diets, and did not survive on our minimal media that lacked alfalfa. The role that alfalfa may play in larval survival is unclear. It may provide nutrients in the form of additional proteins or nitrogen, or refuge for the larvae. Horn ßy larvae generally survive well in manure collected from cattle fed alfalfa, with survival higher on solid manure compared with liquid extracts (Morgan and Graham 1966) .
Failure of larvae to survive in the absence of additional proteins in the high alfalfa medium trial demonstrated that protein supplementation using egg yolks or whole eggs aided larval survival. Although we attribute this effect to increasing the protein content of the medium, it should be noted that eggs contain a variety of other nutrients that may aid in horn ßy survival. Interestingly, the effects of the protein source (egg yolk versus whole egg) on larval survival were not consistent between the high alfalfa and low alfalfa media. Adding whole eggs to the high alfalfa medium resulted in higher survival compared with the addition of egg yolks alone. However, adding egg yolks to the low alfalfa medium resulted in higher survival compared with adding whole eggs. The reasons for this are unknown.
Vitamin supplementation had the greatest effect on increasing larval survival, and this appeared in all three trials of experiment 3 when whole eggs or egg yolks were added to the media. House ßy larvae will not develop properly in the absence of thiamine, riboßa-vin, pantothenic acid, nicotinic acid, choline, pyridoxine, biotin, and folic acid (Brookes and Fraenkel 1958 , House and Barlow 1958 , Perry and Miller 1965 . It is likely that horn ßies require the same type of vitamins A, Acinetobacter; C, Comamonas; P, Pseudomonas. a n ϭ 9 for each proteinÐvitaminÐ bacteria combination. b n ϭ 72 for each vitaminÐprotein combination.
for larval development, and all of these were present in the vitamin mix. Larval survival tended to be highest when Acinetobacter was present, either alone or in combination with Pseudomonas or Comamonas. This pattern was relatively consistent for all trials of experiment 3, and differs somewhat from expectations based on experiment 1 and previous studies (Perotti et al. 2001 ) in which survival on Pseudomonas was the highest. Acinetobacter was an excellent food source for stable ßy larvae grown on egg yolk media (Lysyk et al. 1999 ). This suggests that bacteria species interact with cultural conditions to provide a suitable environment for horn ßy larval development.
An interesting observation was that horn ßy larvae were able to develop on uninoculated plates in both the low alfalfa and high alfalfa trials, but not on the minimal media. Larval survival was Յ0.03 in the absence of vitamins, but ranged from 0 to 0.23 on uninoculated plates in the high alfalfa and low alfalfa media. Survival on uninoculated plates tended to be higher when egg yolk was added compared with whole eggs, and was also higher on the high alfalfa medium. Although undetected contamination can never be ruled out, the complete lack of survival on the low alfalfa whole egg medium suggests that contamination was not an issue. House ßy larvae can be reared on aseptic media (Greenberg 1954 , Monroe 1962 , and our results suggest it may be possible to rear horn ßies aseptically. The role of bacteria in ßy larval development is not completely understood, and may range from being a direct source of nutrients to providing nutrients through substrate metabolism (Zurek at al. 2000) .
Experiment 4: Survival at Varying Egg Densities. Egg hatch averaged 0.63 Ϯ 0.06 (mean Ϯ SD; n ϭ 9) across all replicates. The average survival ranged from 0.07 to 0.47, and varied signiÞcantly among egg densities (F ϭ 13.0; df ϭ 3, 222; P Ͻ 0.0001) and media (F ϭ 2.1; df ϭ 6, P ϭ 0.056). There was no signiÞcant densityÐmedia interaction (F ϭ 0.7; df ϭ 18, 222; P Ͼ 0.79), therefore, the effect of media on horn ßy larval survival was consistent across egg density. Survival was lowest when plates were inoculated with Þve eggs, and similar when 10 Ð 40 eggs were used (Table 7) . Reduced survival at Þve eggs per plate was also observed for stable ßies growing on egg yolk media (Lysyk et al. 1999) . Survival on all media, including manure, was similar with the possible exception of the low alfalfa egg yolk media inoculated with Acinetobacter. Variability in survival, as measured using the coefÞcient of variation, varied signiÞcantly across egg density (F ϭ 32.0; df ϭ 3, 51; P Ͻ 0.0001) and media (F ϭ 3.3; df ϭ 6, P Ͻ 0.01) with no signiÞcant densityÐmedia interaction (F ϭ 0.05; df ϭ 18, 51; P ϭ 0.91). The coefÞcient of variation in survival was highest when plates were inoculated with Þve horn ßy eggs, moderate at 10 Ð20 eggs per plate, and lowest at 40 eggs per plate (Table 8 ). The coefÞcient of variability was highest for the low alfalfa egg yolk media inoculated with Acinetobacter, and ranged from 0.19 to 0.45 among the remaining media (Table 8) , slightly higher than the 0.14 Ð 0.35 observed for stable ßies reared at 40 eggs per plate (Lysyk et al. 1999) .
Pupal weights varied signiÞcantly among media (F ϭ 5.2; df ϭ 6, 550; P Ͻ 0.0001) and were lowest for pupae reared on the low alfalfa egg yolk media inoculated with either Acinetobacter and Comamonas or Acinetobacter and Pseudomonas (Table 8) . Pupal weights were similar among the remaining media. Mean pupal weight did not vary signiÞcantly among egg densities (F ϭ 1.10; df ϭ 3,550; P ϭ 0.347) and averaged (mean Ϯ SD) 3.99 Ϯ 0.10, 4.25 Ϯ 0.08, 4.12 Ϯ 0.06, and 4.28 Ϯ 0.12 mg for 5, 10, 20, and 40 eggs, respectively. These results were consistent among media (F ϭ 1.25; df ϭ 18, 550; P ϭ 0.71).
Eclosion did not vary signiÞcantly among media (F ϭ 1.4; df ϭ 6,49; P ϭ 0.24), although it was significantly different among egg densities (F ϭ 3.1; df ϭ 3.49; P ϭ 0.03). Eclosion declined with egg density, averaging 0.88 Ϯ 0.05, 0.72 Ϯ 0.04, 0.66 Ϯ 0.03, and 0.69 Ϯ 0.02 for 5, 10, 20, and 40 eggs, respectively. There was no signiÞcant mediaÐ egg density interaction (F ϭ 0.8; df ϭ 18, 49; P ϭ 0.69). Increased eclosion at Þve eggs plate per plate was also observed when stable ßies were reared on egg yolk media (Lysyk et al. 1999 ) but the reasons for this are unclear. It is unlikely to be a result of reduced competition at the lower density, because pupal weights did not vary among egg densities.
Our results demonstrate that horn ßy larvae can be reared in the absence of manure. The essential ingredients for an agar-based diet include alfalfa, egg protein, and vitamins, combined with various combinations of Acinetobacter, Pseudomonas, and Comamonas. The high alfalfa medium has a harder consistency than the low alfalfa medium, and was darker in color. The low alfalfa medium allows better visualization of larvae during development, and may permit greater opportunities to observe larval behavior, feeding, and molting during development. However, this must be balanced against the slightly lower weight of pupae produced on the low alfalfa media compared with the high alfalfa media.
